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[57] ABSTRACT

A molten metal handling vessel has an inner, expend-
able, refractory, heat-insulating lining containing partic-
ulate zircon and a binder. The vessel may be used for
handling molten ferrous metals e.g. steel, including high
manganese steel. The inner lining may be in the form of
a shaped article and the vessel may be a tundish for use
in continuous casting. "

5 Claims, No Drawings



1
MOLTEN METAL HANDLING VESSELS

This invention relates to molten metal handling ves-
sels, to shaped refractory, heat-insulating articles for
lining such vessels and to a method of casting.

A variety of vessels are used in handling molten met-
als. Examples of such vessels include tundishes, ladles
and channels for molten metal transfer e.g. furnace
spouts and launders.

In the continuous casting of metals, e.g. steel, molten
metal 1s poured from a ladle into a continuous casting
mould via an intermediate vessel which acts as a con-
stant head reservoir and is called a tundish. The tundish
has a metal floor and sidewalls and one or more outlet
nozzles set in the floor or a sidewall. To protect the
metal floor and walls of the tundish from the effects of
molten metal it is usual to line the interior of the tundish
with a relatively permanent lining, often made of bricks.
The tundish may additionally be provided with an in-
ner, expendable lining of refractory, heat-insulating
slabs. This is described in British patent specification
No. 13646635 and is highly advantageous.

Although the expendable lining described above is
intended to be expendable, it must be able to survive
satisfactorily for the duration of a cast and this may
iInvolve the passage of more than one ladleful of metal
through the tundish, a practice known as sequence cast-
ing. The lining needs to withstand not on]y the tempera-
ture of the molten metal but also eros:on by the metal
and any slag associated with it. |

In many circumstances expendable lining slabs of
- bonded silica particles are satisfactory in tundishes and
the erosion-resistance of these slabs can be increased by
inclusion of a proportion of carbonaceous matter such
as graphite although this renders the slabs less heat-
nsulating. When the lining has to withstand particu-
larly severe conditions, slabs of bonded calcined magne-
site particles are often used but tend to be denser and
have less good heat-insulating properties than silica-
based slabs. Numerous particulate refractory materials
other than silica and calcined magnesite have been pro-
posed for use in expendable linings for tundishes but
have been used little in practice. Refractory silicates, for
example, have been proposed but have usually been
dismissed as offering no advantage over silica itself and
as suffering from the disadvantages that apply to silica
in certain circumstances. Olivine, for example, has been
regarded as being insufficiently refractory for use by
itself in many instances. -

Whilst slabs based on calcined magnesite perform
well under certain conditions, they are not very suitable
for use in contact with acidic slags i.e. containing high
proportions of silica as reactions take place leading to
the formation of low melting phases. Silica-based slabs
can be used with acidic slags but are more readily at-
tacked if the slag has a high manganese oxide content
e.g. 7%, as 1s typically the case if the metal being cast is
a high manganese steel e.g. containing 1.2% of manga-
nese. |

According to the present invention a method of con-
tlnuously casting a high manganese  steel comprlses
pouring the steel into a continuous casting mould via a
tundish having an inner, expendable refractory, heat-
insulating lining comprising particulate zircon and a
binder.

By virtue of its eompos:ltlon, the mner lining of the
tundish used in the method of the invention can be made
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to have good resistance to erosion by slags of high
manganese oxide content and to acidic slags in general.
Moreover, together with the erosion resistance, satis-
factory hot strength and thermal insulation properties
can be achieved. Zircon (zirconium silicate) dissociates

at a significant rate at temperatures above 1500° C. such

as are encountered 1n tundishes for the continuous cast-

- ing of steel. The zircon dissociates into zirconium oxide
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and silica and the resistance of the lining to erosion by
slags of high manganese oxide content is therefore sur-
prising. On dissociation, zircon expands by about 9% by
volume but linings according to the invention can be
made that satisfactorily retain theu‘ integrity in use de-
spite the phenomenon.

The inner lmlng of the tundish used in the method
preferable comprise 75 to 95% by welght of refractory.
filler and preferably at least half of this is zircon. If a
refractory filler in addition to zircon is present, the

- additional filler is preferably calcined bauxite.
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According to a further aspect of the invention a mol-
ten metal handling vessel has an inner, eJ{pendable re-
fractory, heat-insulating lining comprising particulate
zircon, calcined bauxite and a binder. |

It 1s preferred that no refractory filler other than
zircon and calcined bauxite should be present in the
mmner lining or that the amount of any further filler
should be low e.g. less than 10% by _weight. The pres-
ence of calcined bauxite is beneficial in that it enhances
the ability of the lining to withstand erosion, eSpeclally
by high manganese oxide content slags and is particu-
larly useful for this effect in tundish linings subject to |

- high operating temperatures e.g. where the temperature

of steel in the tundish is at least 1500° C. e.g. 1575° C.
The welght ratio of zircon to calcined bauxite in the
linings is preferably in the range of 3:1 to 1:1, most
preferably about 2:1.

In accordance with the invention it has been found
that the presence of zircon and calcined bauxite to-
gether enables linings having enhanced erosion resis-
tance to be achieved compared with linings contammg
only one of zircon and bauxite. |

It 1s thought that, in the case of hlgh temperatures
the enhanced erosion resistance may arise because of
reaction of alumina in the calcined bauxite with silica,
formed by dissociation of the zircon, to form secondary
mullite.

The lmmg contains a binder and this may be organic
and/or morganic. Examples of suitable organic binders
are starch and resins e.g. phenol-formaldehyde and
urea-formaldehyde resins. Examples of suitable inor-
ganic binders are silicate binders, phosphate binders,

colloidal silica sol, colloidal alumina sol, hydraulic and

refractory cements and bonding clays such as ball clay

~and bentonite. Preferred inorganic binders are alkali
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metal silicates that are substantially water-insoluble at
normal ambient temperatures e.g. 20° C. but have a
substantial solubility in water at temperatures of about
100° C. Preferably the silicate is a sodium silicate and
prierably the Si02:NayO weight ratio is in the range of
3.0:1 to 3.8:1. It is particularly preferred that both an

~organic binder and an inorganic binder should be pres-

ent, the inorganic binder preferably being an alkali
metal silicate as described above.

The total amount of binder present is preferably in
the range of 2 to 20% by welght more preferably 3 to
15%, the amount of any organic binder preferably being
from 2 to 6% by weight and the amount of any inor-
ganic binder preferably being from 3 to 8% by weight.
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If an inorganic binder is used alone, the amount is pref-
erably from 5 to 20% by weight.

The lining preferably contains fibre and this may be
organic and/or inorganic. The total amount of fibre is
preferably from 2 to 8% by weight, the amount of any 5
organic fibre preferably not exceeding 4% and the
amount of any inorganic fibre preferably being in the
range of 1 to 4% by weight. Suitable organic fibres
include paper, hemp, jute, synthetic fibres e.g. polyester
and acrylic fibres and semi-synthetic fibres e.g. rayon
and examples of suitable inorganic fibre are refractory
fibres, such as aluminosilicate fibres, rockwool and slag-
wool, and glass fibre.

The features described above of the inner lining of a
vessel of the invention are especially valuable if the
vessel 18 a tundish and the features are particularly ap-
plicable to a tundish used in the method of the inven-
tion.

Linings in accordance with the invention are prefera-
bly provided by fitting a set of pre-formed, refractory,
heat-insulating articles comprising the ingredients in
question and, according to a further aspect of the inven-
tion, a shaped, refractory, heat-insulating article for use
In an inner, expendable lining of a molten metal han-
dling vessel comprises particulate zircon, calcined baux-
ite and a binder. The articles e.g. slabs or boards can
conveniently be made by a slurry-forming technique i.e.
an aqueous slurry of the ingredients is de-watered in a
suitably shaped permeable mould and the product then

heated to dry it and render the binder effective.
Alternatively, the linings may be formed in situ e.g.

by ramming, spraying or trowelling of a suitable com-
position. In such cases a proportion of water may be
included in the composition to provide the required
consistency for a rammable, sprayable or trowellable
composition. Generally, it has been found that 15% to
25% of water 1s preferred for spraying, 109% to 15% for
trowelling and from about 5% to 10% for ramming.
This water may be removed after forming by drying the
lining in air or an external heat source. Alternatively,
the water may be evaporated by means of residual heat
retained by the permanent refractory lining of the vessel
from a previous use.

The ingredients for the linings and the method of
making them are preferably so chosen that the linings 45
have a density of the range of 1.5 to 2.5 g/cm3. In the
case of sprayed linings it has been found beneficial to
include up to 5% by weight of a lightweight refractory
filler material such as bubble alumina microspheres,
hollow silica microspheres, calcined rice husks or ex-
panded fireclay grog.

The presence of lightweight refractory filler material
has been found to enhance the flowability of the lining
composition during its application by spraying.

The tnvention is illustrated by the following Exam-
ples.
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EXAMPLE 1

The following ingredients in the percentages (by
weight) specified were formed into an aqueous slurry: 60

Ingredient To

zircon 57.2

calcined bauxite (alumina 31.75 65
content at least 85%)

slagwool 3

paper 3
phenol-formaldehyde resin 3

-continued
Ingredient To
urea-formaldehyde resin 1.5
glass fibre 0.5
suspension aid 0.05

The slurry was de-watered in a permeable mould
shaped to form a slab and the damp slab removed and
heated to dry it and to set the binders. The resultant slab
had a density of 1.6 g/cm? and was suitable for use in the
expendable, inner lining of a tundish for continuous
casting of high manganese steel associated with an
acidic, high manganese oxide content slag and with a
tundish steel temperature of about 1575° C.

EXAMPLE 2

The following ingredients in the percentages (by
weight) specified were formed into an aqueous slurry:

M

Ingredient o7,
zircon 33.2
calcined bauxite (alumina 30.75
content at least 85%)

slagwool 2.5
paper 1.5
phenol-formaldehyde resin 3
urea-formaldehyde resin 1.5
glass fibre 0.5
suspension aid 0.05
sodium silicate 5
(8102:NayO weight ratio

of 3.3:1)

The slurry was formed into a slab as in Example 1 and

had generally similar properties but enhanced hot
strength and a density of 1.7 g/cm3.

EXAMPLE 3

The following ingredients in the percentages (by
weight) specified were sprayed onto the permanent
refractory lining of a ladle to form an inner expendable
refractory, heat-insulating lining.

Ingredient To
Zircon 33.20
calcined bauxite (alumina 30.75
content at least 85%)

polyester fibre 0.05
phenol-formaldehyde resin 3.00
sodium silicate 5.00
(5102:NayO weight ratio

of 3.3:1)

bubble alumina microspheres 3.00
fireclay 3.00

‘The composition was formed into a sprayable consis-
tency by the addition of approximately 20% by water
and sprayed onto a pre-heated permanent ladle lining to
a thickness of 25 mm. The performance of the in situ
sprayed lining was similar to that obtained for Example
1.

The density of the sprayed lining was 1.9 g/cm3,

I claim:

1. A shaped, refractory, heat-insulating article for use
In an inner, expendable lining of a molten metal han-
dling vessel comprising particulate zircom, calcined
bauxite and a binder, wherein the weight ratio of zircon
to calcined bauxite is in the range of 3:1 to 1:1.
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2. A shaped, refractory, heat-insulatihg article for use

~in an inner, expendable lining of a molten metal han-
dling vessel comprising particulate zircon, calcined
bauxite and a binder, the binder comprising an organic
binder selected from the group consisting of one or
more of urea-formaldehyde resin, phenol-formaldehyde
resin, and starch. | |
‘3. An article according to claim 2 wherein the or-
ganic binder comprises 2-6% by weight of the article.
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4. A shaped, refractory, heat-insulating article for use
In an inner, expendable lining of a2 molten metal han-
dhng vessel comprising particulate zircon, calcined
bauxite and a binder, the binder comprising an inorganic
binder which is an alkali metal silicate having a weight
ratio of Si02:NayO in the range of 3.0:1 to 3.8:1.

5. An article according to claim 4 wherein the inor-

ganic binder comprises 5 to 20% by weight of the arti-

cle. .
| _* ] | %k . i
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